This study examines the extent state dependence among unemployed Danish immigrants in a dynamic discrete choice framework. Three alternative methodologies are employed to control for the problem of the initial condition. The empirical findings show that there is a considerable correlation between the unobserved individual heterogeneity and the initial condition and that the degree of state dependence is overstated if we do not address this problem. The results show that an individual who was unemployed at period "t-1" has 6.5 percentage points higher probability of being unemployed again at period t compared to an individual who was employed at period "t-1". This average partial effect is the same for western compared to non-western immigrants and women compared to men. JEL Classification: J22, C23, C25
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Introduction
High unemployment among immigrants has increasingly become a focus for policymakers in
Denmark. The effectiveness of public policy directed towards the unemployment problem might depend on the extent of state dependence in unemployment. For example, consider a policy change which has the effect of temporally moving unemployed workers into employment. If there is a positive true state dependence in employment, the policy intervention will cause a persistent increase in employment. Consequently, the intervention is likely to reduce the number of individuals who are dependent on benefits or live on a low income (Prowse, 2005) . In this case, changes in benefit rules are also more likely to meet their objectives (Hansen et al. 2006) . On the other hand, if the observed serial persistence in unemployment is due to the permanent unobserved heterogeneity, then the policy stated above is less likely to have an affect. But it is important to know whether the state dependence is driving employment prospects (known as true state dependence), or conversely, whether unobserved heterogeneity plays that role (known as spurious state dependence). Put differently, is the mere experience of being unemployed a relative disadvantage to a person, or can it be attributed to unobserved individual heterogeneity (Knights et al. 2000) ? Hämäläinen (2003) has described various reasons for true state dependence. For example, firms try to figure out the quality of workers from their labour market history (Gibbons and Katz 1991) .
Similarly, firms can rank job applications based on the duration of unemployment of the job seekers (Blanchard and Diamond, 1994) . Therefore, a firm might find it optimal to use different employment criteria for different groups of job seekers (Sattinger, 1998) . In addition, Eriksson (2002) argues that discrimination based on employment status is an equilibrium hiring strategy.
Even firms are allowed to set wages according to the workers' expected productivity. As a result, an unemployed person may be permanently affected when applying for vacancies. Heckman and Borjas (1980) describe how experience of unemployment may change the behaviour of the unemployed person by changing his preferences and constraints. Other reasons for true state dependence are reduced productivity due to deteriorating existing human capital and the prevention of the accumulation of human capital (Mincer and Polacheck, 1974) . As explained in Hämäläinen (2003) , the above discussion implies a causal relationship of previous unemployment with future unemployment.
Some persons may be observed continuously unemployed since their probabilities of getting a job are limited due to unobserved characteristics (e.g. lack of punctuality). If the unobserved characteristics among individuals remain uncontrolled and if they are correlated over time, previous unemployment may appear to determine further unemployment solely because it acts as a substitute for temporally persistent factors. This results in overestimation in the magnitude of state dependence and, accordingly, in false policy recommendations (Hämäläinen, 2003) .
Several studies have investigated the issue of state dependence and unobserved heterogeneity in unemployment. Most recently, Stewart (2007) has examined the extent of the state dependence in unemployment for the UK, and the role played in this by low-wage employment. The study shows that an individual unemployed at t-1 is more than twice as likely to be unemployed again at t as someone who was employed at t-1, but otherwise has the same observed and unobserved characteristics. However, Corcoran and Hill (1985) find that past unemployment does not increase the current unemployment probability for prime age men, once unobserved heterogeneity and data collection procedures are controlled for. But most of the studies show the existence of strong state dependence in unemployment, see for example, Narendranathan and Elias (1993) for Britain, Hyslop (1999) for the US, Frijters et al. (2000) for Holland, Haan (2006) for Germany, Nizamul (2006) for Sweden, among other studies. Hansen and Lofstrom (2002) have shown that immigrants have a greater degree of state dependence in welfare participation than native. They have also argued that the state dependence among the Swedes appears to be due to the unobserved heterogeneity, possibly welfare preferences, to a greater extent than it is among the immigrants from refugee countries. Le Maire and Scheuer (2006) have found evidence of a positive and significant state dependence for selected groups with weak labour market participation in the Danish labour market.
In this study, special attention is paid to control the unobserved heterogeneity and initial condition problem. These issues are addressed by using alternative estimators, i.e. the Wooldridge estimator and the Heckman estimator, and the results are compared to assess their robustness. The empirical findings reveal a significant state dependence in unemployment. The estimates also show considerable correlation between the unobserved individual heterogeneity and the initial condition, which implies that the degree of state dependence is overstated if we do not control for it. The results show that an individual who was unemployed at period t-1 has 6.5 percentage points higher probability of becoming unemployed again at period t compared to an individual who was employed at period t-1. This average partial effect is the same for western compared to non-western immigrants and women compared to men.
The rest of this study is organized as follows: Descriptions of the behavioral model and econometric specification are presented in section 2 along with explanations of the alternative estimators used in this study. Section 3 gives a data description and some descriptive analysis. Empirical results are discussed in section 4. Section 5 concludes the study.
Behavioural Model and Econometric Specification
Discrete choice models of labour supply are based on the concept of random utility 2 . 
Here njt V is a function which relates the observed factors to the decision maker's utility, for example, in case of a linear representative utility
The inclusion of the lagged values of the choice variable makes this decision process dynamic.
Due to the unobserved factors, the researcher cannot predict the actual decisions, but he can make some probabilistic statements about the choices of the decision maker. These choice probabilities depend upon the characteristics of the decision maker, the attributes of alternatives and the assumptions about the unobserved part njt ε . The choice probability for the alternative i can be written as follows:
By using an indicator function and the distribution of unobserved components, the choice probability can be written as follows:
Here I(.) equals 1 if the statement in the brackets is true. Otherwise it is 0. The assumptions about n ε will lead to various econometric specifications of the discrete choice models.
Modelling State Dependence and Unobserved Heterogeneity (True or Spurious State

Dependence)
State dependence is a behaviour in which an individual's preference in a particular state at time t will increase the probability of being in the same state at period at period t+1, conditional on the observable characteristics. In the context of the labour market, the working behaviour of the last period affects the current labour supply decision. Heckman and Willis (1977) have discussed two possible types of state dependence. First, true state dependence will be observed if an individual's presence in a state at time t changes prices, preferences or constraints which are relevant for their future behaviour. For example, this could take the form of a past unemployment experience decreasing the individual's stock of human capital, which in turn decreases his future wage (Mincer and Polachek 1974) . Alternatively, fixed costs related to job search can make unemployment more attractive if the individual is already unemployed instead of employed (Heckman and Borjas (1980) 
Many studies have used this equation to analyse state dependence in unemployment, using a dynamic random effects probit model, for example Stewart (2007) .
Econometric Specification
This paper uses several dynamic estimators to model the probability of unemployment. These estimators include a lag dependent variable to allow for state dependence. Special attention is given to the treatment of unobserved heterogeneity and initial conditions, since ignoring these can produce overstatement of the true state dependence in unemployment.
Standard Random Effects Probit Model
The dynamic empirical model of unemployment probability involves consistent estimation of the following reduced form equations of the behavioural process described in equation (3):
where it y is an indicator function for unemployment, it X is a vector of explanatory variables (includes personal and other characteristics). β and γ are the unknown parameters to be estimated.
i ε is an individual specific component which captures the time invariant unobserved human capital and taste, and it u is a possibly serially correlated error term that can vary over i and t 3 . Asymptotics of the model depend on N, whereas T is small and taken as fixed. Depending on the assumptions 3 To make these standard models comparable with Heckman estimator we estimated all models from t =2,…T.
made about unobserved heterogeneity and explanatory variables, different estimators are used in order to consistently estimate the model.
The unemployment probability is modeled using a dynamic random effects probit model given in the following equation: 
over time is given as follows:
The estimated parameters of the standard random effects probit model are biased if unobserved variables are correlated with observed variables. Mundlak (1978) and Chamberlain (1984) 
Substituting this expression with the first expression in equation (5), we get the following extended specifications of the standard random effects models, known as correlated random effects model.
In this study the specification in equation (8) 
Heckman's Estimator 4
The inclusion of the lag dependent variables creates the problem of initial condition, which implicitly assumes that the initial observations are independent of the unobserved variables (as assumed in section 2.2.1 and 2.2.2). In simple terms, this assumption means that the start of the 
Wooldridge's Conditional Maximum Likelihood Estimator 5
The Heckman estimator approximates the joint distribution of all the outcomes of the endogenous variables. However, it is very rarely used since standard software does not include estimation routines to estimate the Heckman estimator. Alternatively, Wooldridge (2005) has provided a simple solution to approximate the initial condition problem by specifying the distribution of the unobserved individual heterogeneity, conditional on the initial condition. The main advantage as claimed by Wooldridge is that it can be implemented using standard econometrics software. In Wooldridge estimators the distribution of the unobserved effect can be specified as follows:
The explanatory variables for all periods under consideration are included in a row vector i X .
Generally, if the above density is allowed to depend on all elements of i X then the way in which any time-constant exogenous variables can appear in the structural density is restricted. To increase the explanatory power, we can include time-constant explanatory variables, but we will not be able to identify separately the partial effect of the time constant variables from its partial correlation with , can be written as follows:
In order to find the joint distribution, we need to integrate out i α against the Normal ( ) 
This expression of the likelihood function is identical to the structure of the standard random effects probit model; the only difference is that the explanatory variables at time t now also include the initial value of the dependent variables i.e., 1 i y . It is assumed that the data are observed for each cross-sectional unit in all time periods. Although, given a specific sample selection, mechanisms can be employed for the subset of the observations forming a balanced panel. The estimation can be carried out by adding 1 i y and i X as the additional explanatory variables n at each time period and using a computationally easy standard random affects probit software (e.g. -xtprobit-in STATA).
In this study we have estimated both Heckman and its approximation by the Wooldridge estimator to see the robustness of our results. Stewart and Arulampalam (2007) have analyzed alternative estimators, including Heckman and Wooldridge type estimators, for dynamic discrete choice models. Their paper gives an examination of the relative merits of the Heckman, Orme and Wooldridge estimators. It also analyzes the differences between the three estimators. In the context of an empirical illustration, it uses a model of unemployment probability, after which, it presents a Monte Carlo experiment for finite sample performance.
Data and Descriptive Analysis
The data used in this study is drawn from Danish administrative registers supplied by Statistics In order to avoid selection problems due to education and retirement, the sample is restricted to individuals between age 25 and 59 (both included). The analysis is also restricted to married or 6 I would like to thanks AKF for providing the data. 7 The data is recorded every year in the third week of November.
cohabiting individuals because explanatory variables include spouse information. Self employed and wage earners have different behaviour regarding labour supply, hence the former are excluded from the sample. In order to avoid biasness due to frequent entry and exit of immigrants, we restricted the analysis on a balance panel. The final sample consists of 6767 individuals.
The disposable income of the spouse is used to capture the effect of the exogenous income on the unemployment. It is approximated by using the following expression:
Disposable Income 8 = Personal Income + Capital Income + Family Benefits + Housing Benefits + Flow Value of Property -Total Taxes
Personal income is the actual taxable income of a person during the calendar year. It does not include pension or labour market contributions, tax free loans, housing transfers, child benefits, other tax free income, etc. Family Benefits mainly include child benefits or other family transfers from the government. To correct the homeowners' disposable income, so that it is comparable to that of those renting their home, the flow value of property is calculated by multiplying the value of property with the interest rate 9 . Permanent and transitory definitions of the spouse's disposable income are used as explanatory variables to illustrate the effect of the exogenous changes in income (similar to Hyslop (1999) and Croda and Kyriazidou (2003) ). The permanent income is just the average income of the individual over the years, whereas the transitory income is the annual deviation from this average.
Immigrants are sub-divided into two main categories, namely western and non-western immigrants. The probabilities of unemployment, conditional and unconditional on the previous unemployment status at (t-1) for various groups, are reported in Table 2 for the sample period 1994-2003. The raw unconditional probability of being unemployed for all immigrants is 9.23% in the sample. The probability of being unemployed conditional on being employed in the previous period is 4.40%, while the conditional on being unemployed in the previous period is 46.9%. In simple words, about 46.9% of the individuals who were unemployed at period t-1 are still unemployed at period t. Thus, the probability of being unemployed at period t is much higher for those who were also unemployed at t-1. Hence there is a strong evidence of state dependence in unemployment. Column 4 shows the partial effect of previous year unemployment status on the probability of unemployment in the current period. Raw data shows that an individual who was unemployed at period t-1 has about 42.5 percentage points higher probability of being unemployed again at period t compared to an individual who was employed at period t-1. Column 5 shows how many times more likely it is for those who stay unemployed in comparison to those who move into unemployment in the next period. Someone unemployed at t -1 is more than 10 times as likely to be unemployed at t as someone employed at t -1. These partial effects and probability ratios are higher for western compared to non-western immigrants and women compared to men. These figures clearly show strong evidence of state dependence in the raw probabilities, but the question is how much of this observed state dependence is due to observed and unobserved characteristics and how much stems from true state dependence.
Results
The results of different models, described in the previous section, are reported and discussed in this section. First, the results for all immigrants are analyzed. Second, the issue of state dependence is analyzed across gender and country of origin.
The estimation results of random effects probit models for the probability of being unemployed, using different estimators, are reported in Table 3 . A lag dependent variable is included in all models to allow for state dependence. Yearly dummies are included to control for the time effect.
Pooled probit estimates are shown in column 2 for the comparison. This model assumes the whole panel as a large cross section; therefore, it does not allow any correlation across different periods.
This restrictive pooled probit model provides inefficient parameter estimates, but it is an initial consistent estimate of the parameters (Maddala 1987 In random-effects models the likelihood (for an independent unit i) is expressed as an integral, which is computed using the Gauss-Hermite quadrature. After fitting the model, the quadrature checks are undertaken, and the results show that the parameter estimates were nearly invariant to the quadrature point variation. Hence, the estimated results can be explained confidently. All models, except pooled probit models, are estimated with the assumption that the explanatory variables could be correlated with the unobserved heterogeneity (correlated random effects). This correlation is allowed by augmenting the standard random effects model with means of explanatory variables.
The argument that correlation between the initial condition and the unobserved heterogeneity results in an over-estimation of the extent of state dependence in employment is confirmed by Wooldridge's and Heckman's estimators. One of the major advantages of Wooldridge's estimator is its computational simplicity, which reduces the estimation process quite a lot, as compared to Heckman's estimator, developed by Stewart (2006a) 10 . The proportion of the total error variation attributed to unobserved individual heterogeneity, ρ, was significantly higher in this estimator.
Tests of the exogeneity of the initial conditions can be performed in both Wooldridge's and Heckman's estimators. In Wooldridge estimator, the coefficient on the initial value of unemployment status is statistically significant. With regard to the Heckman estimator, the for the comparison (see Arulampalam (1999) for details).
The rescaled lagged unemployment coefficients in the random effects models are reduced to 0.714, 0.676 and 0.644 for the random effects, the Woodridge and Heckman estimators respectively. These results confirm that the correlation between the initial condition and the unobserved individual heterogeneity provides inconsistent pooled probit estimates and overstates the extent of the state dependence.
The magnitude of parameters in non-linear models is difficult to interpret directly; instead it can be used to calculate partial effects with respect to an explanatory variable. In discrete choice models, such as random effects probit models, these effects depend on all other parameters and levels of the explanatory variables. The inclusion of lagged dependent variable in our formulation allows us to find transition probabilities in the estimated model, i.e. we can find the probability of unemployment conditional on the unemployment status in the previous period. solves the initial condition problem. Similarly, the observed transitional probability (4.4%), i.e. the probability of unemployment in the current period conditional on being employed in the previous period, reduces to 1.2% after controlling for unobserved heterogeneity and initial condition.
The average partial effect (APE) 11 with respect to the unemployment status of the previous period is the change in the predicted probability of unemployment when lagged unemployment status changes from 0 to 1. The estimated average partial effects at average values of explanatory variables for different groups are reported in Table 5 . The pooled probit model gives an average partial effect of 17.9%, less than half of the observed effect. The Wooldridge and Heckman estimators reduce the observed APE by about one-sixth, i.e. 6.9% and 6.5% respectively. An individual with a given set of observed and unobserved characteristics has about 6.5% percentage points higher probability of being unemployed again if he was unemployed at period t-1 compared to an individual who was employed at period t-1. Stewart (2007) found APE of 15 percentage points for low wage employment in UK. Similarly, Hamalainen (2003) found an analogous effect to be 9-25%
for Finland. The magnitude of predicted probability ratio (PR) shows that an individual with a given set of observed and unobserved characteristics has about 6 times higher probability of being unemployed again if he was unemployed at period t-1 compared to an individual who was employed at period t-1.
In Denmark, the unemployment rate is much higher for non-western immigrants as compared to western immigrants. There are various reasons for this which can be seen in the observed characteristics of the two groups. For example immigrants of non-western countries are less educated, have less labor market experience and have less vocational training than western Women's choice of labor supply is specifically influenced by various factors such as children and gender specific role in marriage. Sociological theories suggest that attitudes toward gender roles and the appropriate allocation of time between labour and non-labour market differ across religious groups, (Maneschiold and Haraldsson 2007) . So, it would be interesting to test the difference in the magnitude of state dependence across gender. Theoretically, there is no prior expectation about this comparison; hence this is purely an empirical question. Again, the hypothesis of no difference in the partial effect of state dependence across gender is carried out under the assumption that both male and female have the same observed and unobserved characteristics. Again the results show that there is no statistically significant difference in the APE for men and women.
12 Following Ai and Norton (2003) , the correct partial effect of an interaction term is obtained involving two dummy variables.
It is assumed that the income of the person is exogenous to the labour supply of his or her partner.
In other words an individual observes his partners income before taking his participation decision.
In the literature on the topic, this is not an unlikely assumption (see for example, Hyslop (1999) and Croda and Kyriasidou (2003) ). The partner's income is divided into a permanent and a transitory component. The theoretical expectations about the effects of these components of income on the participation decision are explained in Hyslop (1999) . He argues that transitory non-labour income has a direct effect on the labour supply (since the individual expects to have permanent income in all future periods, which is already taken into account in the first period). Hence, according to Hyslop, changes in temporary income are important determinants of the participation decision.
Alternatively, in the classical labour supply model, people optimize their labour supply subject to budget constraint. Therefore, labour supply is directly affected by changes in the permanent income, whereas, changes in temporary income are only important if there are credit constraints.
In the empirical literature, the evidence of the effect of the permanent income of the spouse on labour force participation is mixed. Hyslop (1999) has found a negative effect of permanent income on the employment participation of married women in the US. Using similar methodology, Croda and Kyriasidou (2003) also found a negative effect of permanent spouse income on the participation probability of married women in Germany. Interestingly, using the same methodology, Nizamul (2006) found a statistically positive and significant effect of the permanent spouse income for married women in Sweden. The study argues that this finding may also reflect the predominant dual-income family-structure in Sweden, while Hyslop's (1999) findings reflect the U.S. singleincome family-structure. All the above-mentioned studies, however, report a negative effect of temporary spouse income. In this study I found a negative effect of the permanent and a positive effect of the temporary income on the unemployment probability, but these effects are statistically insignificant.
Regarding other determinants of unemployment, a significantly negative effect is found for the linear term of age. However, on the other hand, the quadratic term of age is statistically positive.
The combined effect of the linear and quadratic term of age suggests that relatively young people have a lower probability of unemployment than old people. The estimated parameters of the different levels of education show that post secondary education and vocational training have negative effects on the unemployment probability. The results show that children of different age groups increase the probability of unemployment. Especially, pre-school age children were found to have a much stronger effect on the unemployment probability than relatively older kids. This is in accordance with the fact that young children decrease the preference for work, especially for women. The parameter estimates for the descendent, homeownership, experience, and the employment of spouse show a negative and statistically significant effect on the unemployment probability.
Conclusion
The labour market behaviour of immigrants is examined in a dynamic discrete choice framework.
The random effects probit specification is used for the estimation. Particular attention is paid to control for the unobserved heterogeneity and the initial condition. The specific objective is to analyze the issue of state dependence and the unobserved heterogeneity in unemployment.
The empirical findings show a considerable correlation between the unobserved heterogeneity and the initial condition. Ignoring it could result in an overstatement of the extent of the state dependence. The results show an evidence of state dependence in the unemployment behaviour of immigrants. The extent of state dependence is reduced by almost one-sixth of the observed persistence after observed and unobserved factors are controlled for. The results show that an individual (with the same observed and unobserved characteristics) who was unemployed at period t-1 has 6.5 percentage points higher probability of being unemployed again at period t compared to an individual who was employed at period t-1. This average partial effect is the same for western compared to non-western immigrants and women compared to men.
